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ABSTRACT 
 
The Hitran matrix element was investigated as a potential fluidization promoter. The 
standard deviation of pressure and differential pressure fluctuations measured in a 
cold model complemented with pilot plant tests showed that the Hitran matrix 
element was effective in decreasing bubble size. A negative impact on the solids 
circulation was observed which could potentially be solved by reducing the element 
diameter and matrix density. 
 
INTRODUCTION 
 
An existing 49 mm internal diameter pilot scale fluidized bed reactor suffered from 
unstable temperature control which was undesirable for catalyst activity and 
selectivity studies. In this reactor a Geldart (1) group A iron-oxide powder having a 
particle density of 5200 kg/m³ was fluidized with synthesis gas (CO + H2) at a 
superficial gas velocity of 45 cm/s. The freeboard pressure was 19 barg and the 
desired bed temperature was 350°C. A typical bed temperature response under 
these conditions is shown in Figure 1(a). These temperature fluctuations were 
attributed to the suspected slugging regime in which the pilot plant was being 
operated. 
 
In an attempt to optimize the pilot scale reactor, the effect of a novel internal (Hitran 
matrix element) on slugging abatement and bubble size reduction was studied as a 
function of superficial gas velocity in a transparent acrylic cold model having an 
internal diameter of 50 mm. The Hitran matrix element, shown in Figure 1(b), is 
commercially available from Cal Gavin limited and is used to improve heat transfer 
in shell and tube heat exchangers through turbulence enhancement (2). The Hitran 
element was selected because it was commercially available and it could be easily 
installed and removed from the reactor without having to make any modifications to 
the reactor. It is also a continuous matrix element which prevents bubble re-
coalescence, a phenomenon common to other types of staged or baffle type 
internals. The results of cold model and pilot plant tests as well as operating 
experiences with the Hitran elements are discussed in this article. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: (a) Reactor bed temperature. (b) Hitran matrix element 
 
 
LITERATURE REVIEW 
 
Internals such as tubes and baffles are known to improve the overall fluidization 
quality and in commercial units often double up as heat exchangers to maintain 
isothermal conditions in the bed. A comprehensive review of studies which have 
been carried out to investigate the effect of various types of internals or promoters 
on fluidization is provided by Jin et al. (3). In general the internals in fluidized beds 
causes a reduction in bubble size and in the case of small diameter columns which 
are prone to slugging the onset of slugging can be delayed. Examples of internals 
which have been used in small diameter columns include rods, disks and blades (4, 
5, 6), twisted tapes (7) and horizontal screen-like baffles (8, 9). Negative aspects 
associated with internals include an increase in bed pressure drop (7, 9, 10) and, 
more importantly, inhibition of solids mixing (3, 8, 9). The latter is due to a decrease 
in the stirring action caused by bubble movement through the bed due to the 
reduction in bubble size. The collision of bubbles with internals causes the particles 
in the wakes of the bubbles to be lost (9). Hence, in cases where very good particle 
mixing is required; internals which provide a tortuous path for bubbles may 
negatively affect the overall fluidization behaviour of the bed. 
 
Slugging can also be prevented by the appropriate choice of operating conditions. 
For a given bed height, there exists a gas velocity below which no slugging occurs 
and for a given gas velocity there exists a bed height below which no slugging 
occurs (11). Therefore operation within these constraints of gas velocity and bed 
height should guarantee a stable fluidization regime.  An increase in the operating 
pressure also delays the onset of slugging with Geldart (1) group A powders due to 
a decrease in bubble size with an increase in pressure (12). 
 
In general slugging behaviour has been studied using visual observations (11, 13) 
and through analysis of high frequency pressure fluctuation measurements with 
(a) (b) 
sampling frequency and duration ranging between 100 to 1000 Hz and 1 to 20 
minutes respectively (14, 15, 13, 16).  
 
 EXPERIMENTAL 
 
The experimental set-up is shown in Figure 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Experimental setup for cold model fluidization tests 
 
 
The acrylic tube had an internal diameter of 50 mm and a height of 6 m. A 10 micron 
sintered metal plate was used as the gas distributor. Plant air was used to fluidize 
the 3.5 kg bed of iron oxide particles at ambient conditions (85 kPa and 25°C). The 
aspect ratio based on the settled bed height was 14. The air flow rate was measured 
and controlled using rotameters and needle valves respectively. Keller (model PD-
33X) high frequency pressure and differential pressure transmitters were used to 
obtain bed pressure and pressure drop measurements at a frequency of 200 Hz. 
The data was recorded using a Beckhoff data logger (model CX9001-0001). The 
pressure and differential pressure instrument lines were purged with plant air at a 
line velocity of 3 m/s. The air leaving the acrylic tube with entrained solids was 
passed through a cartridge filter unit before being vented to atmosphere. A water 
manometer was used to protect the acrylic column from over-pressure. 
 
Two sets of experiments were carried out: one without the Hitran insert and one with 
the Hitran insert. For each set of experiments the superficial gas velocity was varied 
in the range 10 to 60 cm/s. Each velocity setting constituted a run, which was 
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repeated three times to test for repeatability. For each run, the fluidized bed height 
(minimum and maximum), bed density and high frequency bed pressure and bed 
pressure drop was recorded. The sampling time for the high frequency data was two 
minutes. For all tests iron oxide powder having a Geldart (1) group A powder 
classification was used for the fluidization tests. 
  
RESULTS AND DISCUSSION 
 
Effect of Hitran internals on bed hydrodynamics 
 
The effect of the Hitran internals on bed hydrodynamics was obtained by analysing 
the standard deviation of bed pressure drop and bed pressure fluctuations as well 
as the overall bed voidage. These results are presented in Figures 3 and 4 
respectively. 
 
Both the standard deviation of bed pressure drop and bed pressure fluctuations 
showed similar trends with and without the Hitran internals. There was a significant 
drop in both these parameters when operating with the Hitran internals which is 
indicative of smaller bubbles and smoother fluidization (lower bed height fluctuation). 
Also, with the Hitran internals, the bubble size tends to be more stable over a wide 
range of gas velocities as deduced from the stable standard deviation of bed 
pressure drop and bed pressure fluctuations. With no internals, the standard 
deviation of bed pressure drop and bed pressure fluctuations both increase with 
superficial gas velocity indicating an increase in bubble size and slugging behaviour 
(from visual observations). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The effect of the Hitran element on the standard deviation of bed pressure 
drop and bed pressure fluctuations 
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Figure 4: Percentage increase in the overall bed voidage with the Hitran element 
 
 
Additional indirect evidence which shows the positive influence of the Hitrans 
internals as a slugging abatement device is shown in Figure 4 where it can be seen 
that the overall bed voidage (which was calculated from the experimental data using 
equations 1 to 3) is higher with the Hitran internals. The overall bed voidage is 
influenced by both the dense phase voidage and the bubble fraction. Previous work 
(10) has shown that the dense phase voidage is not a strong function of gas 
velocity. The dense phase voidage is dependent on the fines content of the powder 
which remained constant for these tests. Hence the higher overall voidage with the 
Hitran internals shown in Figure 4 could be attributed to a higher bubble fraction 
which is synonymous with smaller bubbles. 
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While the Hitran element does reduce bubble size and delays the onset of slugging, 
it was found from visual observations that it inhibits solids flow near the walls of the 
column. The effect of this on the pilot plant operation will be discussed in the next 
section.  
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Effect of Hitran internals on the pilot scale reactor operation 
 
When compared to the initial high velocity runs, the pilot plant temperature control 
showed a significant improvement as shown in Figure 5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Reactor bed temperature with and without the Hitran element 
 
However, the following three changes were made for this run: the gas velocity was 
reduced, the catalyst mass was increased and the Hitran element was installed. 
Hence it was not clear which change contributed the most to the improved 
temperature control observed. A subsequent run was therefore carried out where 
the Hitran element was removed and the reactor was run at the same conditions as 
when the Hitran element was installed. The temperature control was found to be 
similar. However, the run with the Hitran internal displayed a higher temperature 
differential in the bed compared with the run without the Hitran internal as shown in 
Figure 6. 
 
These results indicate that the initial improvement in temperature control was largely 
due to the decrease in gas velocity and increased bed mass which reduced the heat 
load on the cooling system. The lower gas velocity provided a more stable 
fluidization regime for this application, while the increase in bed mass resulted in an 
increase in the heat transfer area since the reactor is oil cooled through the reactor 
walls. The higher temperature differential over a 600 mm section of the bed 
observed with the Hitran element indicates a decrease in solids mixing which was 
also observed during the cold model tests. In addition, on unloading the reactor it 
was found that large agglomerates of catalyst were stuck between the Hitran matrix 
which provides further evidence that solids mixing was compromised for the run with 
the Hitran insert. 
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Figure 6: Bed temperature differential over a 600 mm bed height 
 
 
CONCLUSION 
 
It is concluded from this work that the Hitran matrix elements are effective in 
reducing bubble size and delaying the onset of slugging. However, solids mixing is 
inhibited with the Hitran internals when used in combination with relatively low gas 
velocities. The initial improvement in temperature control observed for the pilot scale 
reactor was due to the reduction in gas velocity and increase in catalyst mass rather 
than the use of the Hitran insert, indicating that the operational stability of the pilot 
plant is dependent on its cooling capacity. Future work will focus on testing a 
narrower diameter Hitran element with a less dense matrix. It is envisaged that this 
could prevent bridging of catalyst particles between the Hitran matrix and the reactor 
wall, and improve solids mixing. 
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NOTATION 
 
P Pressure       [kPa] 
T Temperature       [°C] 
dP Differential pressure      [kPa] 
ID Internal diameter      [mm] 
OD Outside diameter      [mm] 
g gravitational acceleration     [m/s²] 
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h distance over which DP1 is measured   [m] 
 bed density       [kg/m³] 
 particle density      [kg/m³] 
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REFERENCES 
 
1. Geldart, D., 1973, Types of gas fluidization, Powder Technology, 7, 285-292. 
2. Ellerby, P. and Droegemueller, P. (2011). Heat exchanger retrofits boost profits 
in catalytic processes. Oil Processing, 5, 36-38. More info on Cal Gavin can be 
found at the following website: http://www.calgavin.com/heat-exchanger-
solutions/ 
3. Jin, Y., Wei, F., and Wang, Y. (2003). Effect of Internal Tubes and Baffles. In: 
Yang, W.C., ed. Handbook of fluidization and fluid-particle systems, New York, 
Marcel Decker Inc., 171-199. 
4. Kumar, A., Roy, G.K., 2002, Effect of coaxial rod, disk and blade type promoters 
on bed fluctuation in a gas-solid fluidized bed with varying distributor open area, 
IE (I) Journal, 82, 61-68. 
5. Kumar, A., Roy, G.K., 2007, Bed dynamics of gas-solid fluidized bed with rod 
promoter, China Particuology, 5, 261-266. 
6. Mohanty, Y.K., Biswal, K.C., Roy, G.K., Mohanty, B.P., 2007, Effect of 
promoters on dynamics of gas-solid fluidized bed – statistical and ANN 
approaches, China Particuology, 5, 401-407. 
7. Padhi S.K., Singh, R.K., Agrawal, S.K., 2010, Effect of twisted tape baffles on 
pressure drop, fluctuation and expansion ratios in gas-solid fluidized bed, Iran. J. 
Chem. Chem. Eng. 29 (1), 33-40. 
8. Bosma, J.C., Hoffmann, A.C., On the capacity of continuous powder 
classification in a gas-solid fluidized bed with horizontal sieve-like baffles, 
Powder Technology, 134, 1-15. 
9. Hartholt, G.P., La Riviere, R., Hoffmann, A.C., Janssen, L.P.B.M., The influence 
of perforated baffles on the mixing and segregation of a binary group B mixture 
in a gas-solid fluidized bed, Powder Technology, 93, 185-188. 
10. Sookai, S. (2007). The effect of particle properties on fluidized bed 
hydrodynamics and entrainment. Thesis, (Msc). University of Kwazulu-Natal, 
Durban, South Africa. 
11. Baeyens, J., Geldart, D., 1974, An investigation into slugging fluidized beds, 
Chemical Engineering Science, 1974, 29, 255-265. 
12. Yates, Y.G. (2003). Effect of Temperature and Pressure. In: Yang, W.C., ed. 
Handbook of fluidization and fluid-particle systems, New York, Marcel Decker 
Inc., 133. 
13. Falkowski, D., Brown, R.C., 2004, Analysis of pressure fluctuations in fluidized 
beds, Ind. Eng. Chem. Res., 43, 5721-5729. 
14. Sasic, S., Leckner, B., Johnsson, F., 2007, Characterization of fluid dynamics of 
fluidized beds by analysis of pressure fluctuations, Progress in Energy and 
Combustion Science, 33, 453-496. 
15. Ho, T.C., Yutani, N., Fan, L.T., Walawender, W.P., 1983, The onset of slugging 
in gas-solid fluidized beds with large particles, Powder Technology, 35, 249-257. 
16. Svoboda, K., Cermak, J., Hartman, M., Drahos, J., Selucky, K., 1983, Pressure 
fluctuations in gas-fluidized beds at elevated temperatures, Ind. Eng. Chem. 
Process Des. Dev., 22 (3), 514-520. 
